Morbidity and mortality associated with cardiovascular disease, diabetes, and cancer vary across socioeconomic gradients, with the lower strata at increased risk for adverse events (for a review, see Adler & Rehkopf, 2008) . Emotional processes can also influence physical health, with worse prognoses for individuals with depression and anxiety and better outcomes associated with positive affect and psychological well-being (Pressman & Cohen, 2005; Seeman, 1996; Strine et al., 2008) . What is not well understood is how socioeconomic and psychosocial factors interact, that is, work synergistically to predict overall health risk. The present study investigated how education and psychosocial factors independently and interactively predicted levels of one pro-inflammatory marker, the pleiotropic cytokine interleukin-6 (IL-6). The main objectives were to determine whether positive and negative aspects of psychosocial functioning moderated levels of IL-6 in individuals at increased risk for physiological dysregulation and disease because of low educational attainment.
Socioeconomic Standing (SES) and Inflammatory Processes
Across various measures of SES, individuals in lower strata face an increased likelihood of adverse health outcomes compared to individuals in more favorable socioeconomic positions (González, Artalejo, & Calero, 1998; Loucks et al., 2006; Loucks et al., 2009; Marmot et al., 1991) . Associations between SES and markers of inflammation and inflammatory diseases have also been documented. As SES decreases, levels of circulating IL-6 increase, an association documented with several different indices of individual and community-level socioeconomic position, including education, income, wealth, and occupational standing (Gruenewald, Cohen, Matthews, Tracy, & Seeman, 2009; Koster et al., 2006; Loucks et al., 2006; Petersen et al., 2008; Pollitt et al., 2008) .
Interleukin-6
Inflammation is thought to be involved in the etiology of many diseases, including cardiovascular and rheumatological diseases, osteoporosis, and Alzheimer's disease (Ershler & Keller, 2000) . The important role of localized vascular inflammation in atherosclerosis is now widely accepted, and many treatment options directly or indirectly (e.g., aspirin, statins) aim to reduce inflammation so as to reduce cardiovascular risk (Ridker et al., 2008; Ross, 1999) . Elevated levels of IL-6 are predictive of future adverse health events in both healthy and clinical populations, even after controlling for both lifestyle and other clinical risk factors (e.g., Ershler & Keller, 2000; Ridker, Rifai, Stampfer, & Hennekens, 2000) . IL-6 is also linked to socioeconomic and psychosocial adversity; low SES and depression (both clinical and subclinical) predict higher serum levels of IL-6 (Gruenewald et al., 2009; Petersen et al., 2008; Howren, Lamkin, & Suls, 2009; Penninx et al., 2003) .
Psychosocial Factors and Inflammatory Processes
Depressed mood and anxiety have been found to predict higher levels of IL-6 in both healthy and clinical populations (Al, Kronfol, Seymour, & Bolling, 2005; Dentino et al., 1999; Howren et al., 2009; Miller, Stetler, Carney, Freedland, & Banks, 2002; Penninx et al., 2003; Pitsavos et al., 2006; Tiermeier et al., 2003; Suarez, 2003) , although some investigations have reported a lack of association, or occasionally an inverse relationship between negative affect and IL-6 (e.g., Annique et al., 2005; Lespérance, FrasureSmith, Théroux, & Irwin, 2004; Steptoe, Kunz-Ebrecht, & Owen, 2003; Whooley et al., 2007) . Inconsistent findings may reflect differences among populations examined, the factors that were controlled, and variation in the assessment of emotion, ranging from affective state to psychiatric diagnoses.
Relatively fewer investigations have examined positive psychosocial functioning and its relationship to inflammatory markers. Embeddedness in social networks, emotional expressiveness, internal locus of control, and sense of purpose and commitment have all been linked to favorable health outcomes, including reduced incidence of stroke, reduced likelihood of hospital readmission following cardiovascular complications, and reduced all-cause mortality (Chida & Steptoe, 2008 ; for a review, see Pressman & Cohen, 2005) . We focus in this investigation on hedonic wellbeing, which refers to positive affect, happiness, and life satisfaction, and eudaimonic well-being, which refers to evaluative judgments about one's purpose and meaning in life and whether personal talents and abilities are being realized (Ryff, 1989; Ryff & Keyes, 1995) . Growing evidence supports each type of wellbeing as predictive of mental and physical health outcomes (Keyes, Shmotkin, & Ryff, 2002; Ryan & Deci, 2001; Ryff & Singer, 2008) . Older women scoring higher on eudaimonic, but not hedonic well-being, were shown to have lower plasma IL-6 levels (Friedman, Hayney, Love, Singer, & Ryff, 2007) . A study in Britain found that positive affect was inversely related to IL-6 in women, but not in men (Steptoe, O'Donnell, Badrick, Kumari, & Marmot, 2008) .
Not well understood is the interplay of education, emotion, and cognitive factors (e.g., affect and psychological well-being) in accounting for high or low levels of IL-6. The primary goal of this investigation was to examine whether psychosocial factors, both positive and negative, could moderate educational gradients in IL-6. In particular, the objective was to clarify whether the adverse effects of low educational attainment on circulating IL-6 levels were moderated by the maintenance of a negative or positive cognitive outlook and affective state. We hypothesized that among those with low educational attainment, (a) greater anxious and depressive symptoms would be associated with higher IL-6 levels, while (b) hedonic and eudaimonic well-being would predict lower IL-6. Before testing for these statistical interactions, we also examined the main effects of educational attainment and psychosocial factors on IL-6, after controlling for demographic factors (age, gender), health behaviors (smoking status, alcohol and caffeine consumption, physical activity level, and medication usage), and health status indicators (body mass index [BMI] , waist-to-hip ratio [WHR] , and number of chronic health conditions). Higher educational attainment and well-being were hypothesized to still be predictive of lower levels of IL-6, after taking into account the control variables, while higher anxious and depressive symptoms were hypothesized to relate to higher levels of IL-6.
Method

Participants
MIDUS was begun in 1995 with a national sample of Americans aged 25 to 74, including twins, recruited through a random digit dialing (RDD; Brim, Ryff, & Kessler, 2004) . Of the original 7,108 MIDUS I participants, 1,914 were twins. Data collection focused on sociodemographic and psychosocial assessments obtained through phone interviews and self-administered questionnaires (SAQs). In 2004, these assessments were repeated (MIDUS II). The retention rate from MIDUS I to MIDUS II was 75% (adjusted for mortality).
Biological data were collected on a subset of MIDUS II participants. To be eligible, respondents had to complete the telephone and mail surveys and be able and willing to travel to one of three General Clinical Research Centers (GCRC) for an overnight visit. Of those invited to participate, 43% agreed. The primary reasons for refusal were not wanting to travel to the clinic, having other obligations, or being too busy. This response rate is somewhat lower than other epidemiological studies involving a visit to a clinic (e.g., 57% response rate in the Cardiovascular Health Study; Fried et al., 1998) . Nonetheless, the biological sample was comparable to the MIDUS II pool from which it was recruited on most sociodemographic factors (age, gender, marital status, income) and multiple health characteristics (subjective health, chronic conditions, health symptoms, BMI). Biological respondents were significantly better educated than nonparticipants, although more than half of the sample had only a high school education or some college.
Data are reported for a sample of 463 males and 565 females ranging in age from 35-86 years (Mean: 58.01; SD: 11.64). These individuals completed a 2-day visit to a GCRC, during which they provided a complete medical history and medication information, underwent a physical exam with a physician, and provided a fasting blood draw around 0700 on the morning of the second day. The blood sample was obtained prior to any caffeine or nicotine consumption for the day. Participants also completed a set of SAQs during the stay at the GCRC.
Measures
Education.
During the telephone interviews, respondents were asked how many years of school or college they had completed. Twelve response categories ranged from no schooling to completion of a professional degree. Education was treated as a continuous variable.
Negative affect. Subscales from the Mood and Anxiety Symptom Questionnaire (MASQ) measured anxious symptoms and were completed during the GCRC visit. The MASQ contains two subscales addressing components of anxiety: General Distress Anxious symptoms and Anxious-Arousal symptoms. The General Distress Anxious scale contains items indicative of anxious mood and general somatic symptoms that occur with anxiety disorder while the Anxious Arousal scale contains items specific to anxiety disorder regarding tension or hyperarousal (Watson et al., 1995) . The General Distress Anxious scale included 11 items and had an internal consistency of .82 while the Anxious Arousal scale included 17 items and had an internal consistency of .80.
The Center for Epidemiological Studies Depression (CES-D) scale was also included as a well validated instrument for assessing depressive symptoms in large surveys (Radloff, 1977) . This 20-item scale had an internal consistency of .89. The CES-D scale was included in these analyses to allow for comparisons of the relationship between depressive symptoms and inflammation between the MIDUS sample and other samples (Penninx et al., 2003; Blumenthal et al., 2003; Bremmer et al., 2008) . In the MIDUS cohort, 12.9% of the sample met the criterion for major depression used with the CES-D, namely scores Ն16. This percentage is higher than the national yearly prevalence of major depressive disorder (6.7%; Kessler, Chiu, Demler, & Walters, 2005 ) and higher than the Healthy, Aging, and Body Composition Study cohort (4.8%; Penninx et al., 2003) , though comparable to the Longitudinal Aging Study Amsterdam (14.8%; Bremmer et al., 2008) .
Well-being. Eudaimonic well-being was based on Ryff's theoretical framework and included six scales: Autonomy, Environmental Mastery, Personal Growth, Positive Relations with Others, Purpose in Life, and Self-Acceptance (Keyes et al., 2002; Ryff, 1989) . Each scale had seven items, and internal consistency for these scales ranged from .69 to .85.
Hedonic well-being was assessed with the High Positive Affect subscale from the MASQ (Watson et al., 1995) . This scale contained 14 items and had an internal consistency of .93.
Demographic information. Age and gender information was collected from the Survey Assessments at MIDUS II.
Health behaviors.
Smoking status (categorized as neversmoker, former-smoker, and current-smoker; never-smokers as referent category), alcohol consumption (total number of alcoholic drinks consumed in the past month), caffeine consumption (average number of servings of coffee, tea, or other caffeinated beverages consumed per day), and physical activity level (average number of minutes of moderate or vigorous physical activity per week) were all included as control variables given evidence linking these behaviors with fluctuations in IL-6 (O'Connor & Irwin, 2010) . Medication usage, including antihypertensives, cholesterol medications, steroid usage, and antidepressants were also included as control variables (dummy coded to indicate current use or nonuse). These medications have all shown to affect IL-6 levels (Jain & Ridker, 2005; Kenis & Maes, 2002; Tatli & Kurum, 2005) .
Health status indicators. BMI and WHR were based on measurements taken by GCRC staff. The chronic health conditions variable was a sum score of self-reported physician diagnosed conditions, including heart disease, high blood pressure, circulation problems, blood clots, heart murmur, transient ischemic attack or stroke, anemia or other blood disease, cholesterol problems, diabetes, asthma, emphysema or chronic obstructive pulmonary disease, tuberculosis, thyroid disease, peptic ulcer disease, cancer, colon polyps, arthritis, glaucoma, cirrhosis or liver disease, or depression. Continuous variables for all health status indicator variables were included in statistical analyses.
Interleukin-6
Serum IL-6 levels were measured with the Quantikine highsensitivity enzyme-linked immunosorbent assay (ELISA) kit (R & D Systems, Minneapolis, MN). All values were determined in duplicate; any value over 10 pg/mL was rerun in diluted sera to fall on the standard curve. Assays were completed according to manufacturer's instructions. The laboratory intra-assay coefficient of variance was 4.09% and the interassay coefficient of variance was 13% (as determined by a low and high IL-6 serum pool included in each assay).
Statistical Analyses
Both IL-6 and BMI were log-transformed to achieve normal distributions. All predictor variables included were mean-centered.
Separate hierarchical multiple regression analyses were run for each psychosocial factor. Bivariate associations between education or the psychosocial factors and IL-6 were tested in the first model. The second model added adjustments for demographic factors, which consisted of age and gender when education was the primary predictor variable, and age, gender, and education when a psychosocial factor was being assessed. Model three controlled for the health behaviors (smoking status, alcohol consumption, caffeine consumption, physical activity level, and medication usage), and model four added health status indicators (BMI, WHR, chronic health conditions). The final model examined the interactions between the psychosocial factors and education net of all control variables. All interactions were assessed in separate models.
Results
Descriptive statistics on all variables are provided in Table 1 . Missing data were limited: 10 individuals had missing IL-6 data, and no more than four individuals had missing data for any psychosocial or control variable. The degrees of freedom vary slightly among analyses, reflective of the missing data.
Summaries of multivariate analyses regressing IL-6 on education and psychosocial measures are provided in Table 2 . As hypothesized, levels of IL-6 followed the educational gradient: IL-6 decreased with increasing education (Figure 1 ; ␤ ϭ Ϫ0.09, t(1008) ϭ 2.77, p ϭ .01). This relationship was attenuated, but still significant, after controlling for age and gender (Table 2 , Model 2). However, further adjusting for health behavior (Model 3; ␤ ϭ Ϫ.05, p Ͻ .09) and health status indicator variables (Model 4; ␤ ϭ Ϫ.02, p ϭ .61) attenuated this effect to nonsignificance.
As hypothesized, higher scores on the anxious-arousal scale and depressive symptoms were related to higher IL-6 [ Table 2 , Model 1; anxious arousal: ␤ ϭ .14, t(1007) ϭ 4.35, p Ͻ .001; depressive symptoms: ␤ ϭ .07, t(1006) ϭ 2.13, p ϭ .03]. Including age, gender, and education in the models did not affect these associations (Table 2 , Model 2). Adjusting for health behaviors attenuated the effect of depressive symptoms to nonsignificance, though the relationship between anxious arousal symptoms and IL-6 remained significant after controlling for health behaviors, ␤ ϭ .07, t(995) ϭ 2.26, p ϭ .02. This relationship became nonsignificant, however, when health status indicators were added to the model, ␤ ϭ .04, t(992) ϭ 1.14, p ϭ .26. All main effects of anxious and depressive symptoms on IL-6 were unchanged when positive affect was entered as an additional covariate into the models. After entering the eudaimonic well-being scales into the models as additional covariates, all main effects were attenuated to nonsignificance.
As hypothesized, the eudaimonic measure of personal growth was inversely related to IL-6 in bivariate analyses, ␤ ϭ Ϫ.09, t(1007) ϭ 2.88, p Ͻ .01. Adjusting for demographic factors, health behaviors, and health status indicators attenuated this relationship, though it remained marginally significant with all control variables included, ␤ ϭ Ϫ.06, t(992) ϭ 1.93, p Ͻ .06 (Table 2 , Models 2-4). This association was unaffected by adjustments for the negative psychosocial variables. No other measure of hedonic or eudaimonic well-being was associated with IL-6 levels in main effect adjusted or unadjusted models.
Several psychosocial variables interacted with education in the prediction of IL-6 after controlling for demographic factors, health behaviors, and health status indicators (Table 2, Model 5). All subsequent interactions were interpreted in models containing all control variables. Of the negative psychosocial factors, CES-D depressive symptoms trended toward moderating the effect of education on IL-6, t(990) ϭ 1.91, p Ͻ .06. In accordance with hypotheses, for individuals with low educational attainment, higher depressive symptoms were associated with higher IL-6, ␤ ϭ .09, t(990) ϭ 1.93, p ϭ .05. The interaction between CES-D depressive symptoms and education in the prediction of IL-6 was unaltered by the inclusion of hedonic or eudaimonic well-being in the models entered as individual variables or as a collective set.
Both hedonic and eudaimonic well-being moderated the effect of education on IL-6 in the expected direction. There was a significant interaction between education and positive affect, t(992) ϭ 3.04, p Ͻ .01 (Figure 2a ). This effect remained significant independent of the negative psychosocial factors, examined as additional covariates. Likewise, four of the six eudaimonic wellbeing measures-environmental mastery, positive relations with The associations between education and environmental mastery, positive relations with others, and purpose in life were unchanged by the inclusion of the negative psychosocial variables collectively in the model, although the association between education and self-acceptance was attenuated to marginal significance with the addition of the negative psychosocial variables. Figure 2 displays the significant interactions between well-being and education (categorized for ease of presentation as college degree earners, individuals who had completed some college without earning a degree, and individuals with a high school education, GED, or less). Simple slopes of the effects of a psychosocial variable for each education category were compared. These effects mostly converged with tests of significance using education mea- sured continuously (i.e., simple effects at the mean and plus and minus one standard deviation on education); the differences are noted in the figure caption. In accordance with hypotheses, positive affect had a significant, negative effect on IL-6 for individuals with a high school education or less, ␤ ϭ Ϫ.09, t(992) ϭ 1.93, p ϭ .05. However, individuals with at least a college degree displayed the opposite effect. Contrary to predictions, positive affect was positively related to IL-6 for college degree earners, ␤ ϭ .10, t(992) ϭ 2.56, p ϭ .01. Simple effects of the eudaimonic well-being measures for individuals with a high school education were all in the hypothesized direction. IL-6 was inversely related to environmental mastery (␤ ϭ Ϫ.09, t(991) ϭ 2.06, p ϭ .04), purpose in life (␤ ϭ Ϫ.10, t(991) ϭ 2.19, p Ͻ .03), and self-acceptance (␤ ϭ Ϫ.10, t(991) ϭ 2.18, p ϭ .03). IL-6 also trended toward a negative relationship with positive relations with others, ␤ ϭ Ϫ.08, t(991) ϭ 1.75, p ϭ .08.
Supplemental Analyses: Influence of Twin Status on Reported Relationships
Additional analyses assessed whether genetic influences among the identical and fraternal twins (N ϭ 338) affected the findings reported above. Three modified samples were created that contained only one randomly selected member from each twin pair. All models were rerun, and results were considered to differ when two out of the three modified samples demonstrated an effect inconsistent with those reported above. Changes in the size of coefficients as well as changes in significance were assessed. However, none of the above results were affected by the inclusion of the twins, nor was statistical significance undermined by excluding one member of each twin pair.
Discussion
As predicted, IL-6 levels were inversely related to education and significantly correlated with anxious-arousal and depressive symptoms in bivariate analyses. These effects remained significant after accounting for age and gender, although the relationships were attenuated to nonsignificance after adjusting for health behaviors and health status indicators. Nevertheless, respondents' positive psychological status, specifically their sense of own personal growth, significantly predicted lower IL-6, and this effect remained marginally significant after taking into account all control variables. These main effect results complement previous work Figure 2 . Well-being moderated the effect of education on IL-6. Lines represent simple effects of psychosocial factors on IL-6 for categories according to educational attainment, controlling for age, gender, smoking status, alcohol consumption, caffeine consumption, physical activity, medication usage, BMI, WHR, and chronic health conditions. The inverse relationship between IL-6 and well-being for individuals with a high school education or less is significant in all panels, with the exception of panel d, where the simple effect was marginally significant. The positive relationship between positive affect and IL-6 for individuals with a college degree or higher was also significant (panel a). Figure 2a . With education interpreted as a continuous variable, the simple effect of positive affect at one standard deviation below the mean on education was not significant. Figure 2b . With education interpreted as a continuous variable, the simple effect of environmental mastery at one standard deviation below the mean on education was marginally significant. Figure 2c . With education interpreted as a continuous variable, the simple effect of positive relations with others at one standard deviation below the mean on education was not significant. linking higher IL-6 to lower educational attainment, higher negative affect, and a lower sense of well-being (Friedman et al., 2007; Gruenewald et al., 2009; Howren et al., 2009; Petersen et al., 2008; Pitsavos et al., 2006) and also highlight the role of health behaviors and clinical health status as important contributors to these associations (Gruenewald et al., 2009; Koster et al., 2006; Loucks et al., 2006) . Extensive adjustments for health practices and health status indicators were included in this analysis to sharpen the focus on psychosocial moderation of the relationship between education and IL-6, though this may have diminished the ability to detect significant main effects of education and negative affect on IL-6.
The central focus of this study was to investigate how psychosocial factors moderated the relationship between education and IL-6. Consistent with the hypotheses, individuals with low education and high depressive symptoms had the highest levels of IL-6. However, it should be noted that the omnibus interaction assessing the moderating effect of depression on educational gradients in IL-6 was only marginally significant. This coupling of low educational status and depression is especially worrisome given that individuals in lower socioeconomic positions are at an increased risk for developing depression (Lorant et al., 2003) , and they may not possess the resources, either material or psychological, to seek out and afford treatment.
Conversely, positive psychosocial factors were found to attenuate the biological impact of lower educational attainment. Positive affect, environmental mastery, purpose in life, and selfacceptance had the largest effects on individuals with a high school degree or less. At high levels of hedonic and eudaimonic wellbeing, those with a high school degree or less appear to have comparable IL-6 levels to individuals with a college degree (see Figure 2) . A similar association was observed between IL-6 and positive relations with others, although this was marginally significant. In contrast to predictions, for individuals with a college degree, positive affect was positively related to IL-6. While this is not the first description of unique biological correlates of high positive affect (Pressman & Cohen, 2005) , given that it emerged as a synergistic effect of education and positive affect, further research is needed to confirm such a differential relationship across the education continuum.
Overall, those who reported a high sense of well-being did not appear to be as burdened biologically-in terms of cells and tissues that produce IL-6 -by low educational attainment. That these effects persisted after controlling for health behavior and health status indicators underscores the salubrious benefits of psychological well-being above and beyond those associated with a healthy lifestyle. It is important to note that these results remained significant after adjusting for negative affect (per recommendation of Pressman & Cohen, 2005) , thereby reinforcing the view that well-being and ill-being are not merely opposite ends of a continuum but distinctive processes with unique health correlates (Ryff et al., 2006) . Further, the effects of well-being are independent of each other; there is no evidence to suggest that these healthful effects are overlapping. When the other eudaimonic well-being scales were added to the model, the interaction between that particular well-being scale and education remained significant (data not shown). Prior work has documented overall health benefits of happiness and living well (Chida & Steptoe, 2008; Pressman & Cohen, 2005; Ryff, Singer, & Love, 2004; Seeman, 1996; Steptoe, Wardle, & Marmot, 2005) , but the important message of the current results is that the health benefits are especially salient for those with lower educational attainment.
Other moderating influences may be relevant in the interplay of SES, psychosocial factors, and health. Expanding on psychosocial factors, one promising avenue may be to assess how perceived sense of control interacts with education. Ross and Mirowsky (1999) argued that education increases one's sense of control, and thereby, may also influence the likelihood of practicing beneficial health behaviors. Further, Lachman and Weaver (1998) demonstrated that among individuals with low income, those who had a high sense of control had comparable self-rated health to those with a high income. Sociodemographic factors, like age, gender, and race, may also moderate the relationships between education and inflammatory markers. For example, higher IL-6 and CRP levels were associated with lower levels of education in whites and blacks, but the trends were not significant among Hispanic and Chinese individuals (Ranjit et al., 2007) . Likewise, controlling for chronic health conditions and BMI reduced the relationships between education and IL-6 and CRP to nonsignificance in white females and black males, but these relationships remained significant in black females and white males (Gruenewald et al., 2009) . In sum, growing evidence suggests that socioeconomic factors are linked to inflammatory markers differentially across various demographic groups. The moderating effects of these sociodemographic factors were not assessed in the current analyses, though they may explain why the main effects of education and negative affect on IL-6 were not confirmed in this sample once health behaviors and health status indicators were taken into account.
Moderating analyses must also be augmented by analyses probing the mediating processes through which education and psychosocial factors translate into better health outcomes. Behavioral processes constitute one important mechanistic pathway underlying these relationships. Individuals with higher educational attainment and well-being are less likely to smoke, to be obese, and are more likely to exercise (Adler, 2009) . Education may increase awareness of these behaviors in promoting health, and well-being may contribute to placing value in one's future health. Adjusting for health behavior and health status indicators attenuated the association between education and IL-6 to nonsignificance in the current analyses. Of these factors, adiposity is of particular interest because 15-35% of circulating IL-6 may be produced by fat tissue (Mohamed-Ali et al., 1997) . Even so, psychological well-being was found to moderate the educational gradient in IL-6 independent of health behaviors, health status indicators, and demographic factors. Thus, positive psychosocial functioning may relate to lower IL-6 through mechanisms beyond promoting a healthy lifestyle, perhaps by buffering the negative effects of stress. Individuals in lower socioeconomic positions are more likely to be exposed to chronic stress (Adler & Rehkopf, 2008) and to have increased daily cortisol release and to develop glucocorticoid and insulin resistance related to metabolic syndrome. Positive psychosocial functioning has previously been linked to decreased cortisol output, decreased HPA axis reactivity, and enhanced immune function (Berk, Felten, Tan, Bittman, & Westengard, 2001; Cohen, 2004; Pressman & Cohen, 2005; Ross & Mirowsky, 1999; Steptoe et al., 2008) , suggesting factors that may offset the physiological concomitants (e.g., circulating levels of IL-6) related to low educational attainment.
IL-6 was the sole cytokine marker of proinflammatory biology in this investigation. IL-6 is a potent stimulator of the production and release of other inflammatory markers, such as C-reactive protein (CRP) and fibrinogen (Heinrich, Castell, & Andus, 1990 ). IL-6 was chosen to be the specific focus because of its previous link to eudaimonic well-being in a sample of aging women (Friedman et al., 2007) , and we have evidence that IL-6 partially mediates the relationship between SES and CRP and fibrinogen (Friedman & Herd, 2010) . These results highlight the need to investigate other physiological aberrations and to link the dysregulation with clinical outcomes in terms of the likely relationship to both socioeconomic and psychological factors.
Several limitations should be acknowledged. First, individuals included in these biological analyses were better educated than the participant pool from which they were recruited, which may limit generalization to less educated groups. The composition of this sample may have contributed to the nonsignificant educational gradient once health behaviors and health status indicators were taken into account. Nevertheless, the coefficients for the relationship between education and IL-6 were comparable to those reported in the Framingham Offspring Study, where over 50% of the sample had a high school education or less (Loucks et al., 2006) . Only 6.8% of the sample was nonwhite, also limiting generalization to racial/ethnic minorities. Another issue was the inclusion of 338 identical and fraternal twins, and genetic relatedness could affect the likelihood of finding associations, although supplemental analyses indicated that the presence of the twin pairs did not modify results.
Given the cross-sectional nature of the design, the direction of influence among the predictor and outcome variables is not readily resolved. However, education is generally completed in early adulthood, so it is unlikely that our middle-aged and older sample had experienced recent changes in their educational attainment (92% reported the same level of education at MIDUS I and MIDUS II). Using education as an index of SES may make it less susceptible to problems of possible reverse causation. The matter of how to model education is also open to alternative approaches. We treated education as a continuous variable, consistent with work of Ross and Mirowsky (1999) showing that years in school, regardless of degree, has the strongest effects linking education to perceived health and physical functioning. However, links between education and health may also depend on degree completion, which is positively linked to occupational status, better working conditions, and greater access to health care. Further, recent evidence from Friedman and Herd (2010) suggests that income mediates the relationship between education and inflammatory markers, thereby suggesting additional conceptual and analytic strategies for connecting socioeconomic standing to health. For the purpose of this analysis, we chose to focus on education as a valuable index of SES, given its cross-time stability, more limited susceptibility to health selection issues, and usefulness as an individual difference variable (compared to household income, e.g.).
Notwithstanding these issues, a unique strength of this study is the diverse set of psychosocial measures that were assembled to examine the relationship between education and proinflammatory biology. This investigation is one of the first to demonstrate an interaction between education and psychosocial factors in predicting IL-6 levels in a large American population. Well-being was associated with lower IL-6, and depressive symptoms were associated with higher IL-6 in individuals with low educational attainment. These results highlight how interactive modeling can provide a more complete and compelling understanding of the ways in which socioeconomic and psychosocial factors jointly predict levels of IL-6 in systemic circulation.
